Objectives: Partial seizures are often believed to be associated with EEG signals of low complexity because seizures are associated with increased neural network synchrony. The investigations reported here provide an assessment of the signal complexity of epileptic seizure onsets using newly developed quantitative measures. Methods: Using the Gabor atom density (GAD) measure of signal complexity, 339 partial seizures in 45 patients with intracranial electrode arrays were analyzed. Segmentation procedures were applied to determine the timing and amplitude of GAD changes relative to the electrographic onset of the seizure. Results: Three hundred and thirty out of 339 seizures have significant complexity level changes, with 319 (97%) having an increase in complexity. GAD increases occur within seconds of the onset of the partial seizure but are not observed in channels remote from the focus. The complexity increase is similar for seizures from mesial temporal origin, neocortical temporal and extra-temporal origin. Conclusions: Partial onset seizures are associated with early increases in signal complexity as measured by GAD. This increase is independent of the location of the seizure focus. Significance: Despite the often predominant rhythmic activity that characterizes onset and early evolution of epileptic seizures, partial seizure onset is associated with an early increase in complexity. These changes are common to partial seizures originating from different brain regions, indicating a similar seizure dynamic.
Introduction
Partial seizures, the most common type of epileptic seizures (Hauser et al., 1996) , are transient, dynamic events involving neural networks. These seizures are typically brief, lasting less than two minutes (Afra et al., 2008) . Partial seizure onset reflects increased network synchrony with repetitive synchronous firing of neurons and propagation from the seizure onset zone. Ictal onset patterns include periodic spiking, low voltage fast activity, or organized rhythmic activity. These early patterns of seizure onset can facilitate seizure identification and localization in patients undergoing long-term monitoring for presurgical evaluations. This rhythmic activity, associated with increased neural network synchrony, may evolve over time, changing in frequency or pattern. Visual inspection of these patterns often suggests a signal that is less complex than the preictal period because one predominant frequency comprises a disproportionate amount of the signal energy.
Complexity is an abstract notion that can be confusing as it is often derived from mathematically advanced techniques that do not offer tangible interpretations of the results. Complexity of the EEG does not have a universal definition. Several taxonomies have been proposed to classify those measures (Wackerbauer et al., 1994; Rapp and Schmah, 1996) based on the characteristics they assess. Wackerbauer et al. and Grassberger have reviewed some of the existing measures (Wackerbauer et al., 1994; Grassberger, 1989) . Although many variations were developed, most of the measures used for signal processing can be traced back to works from Shannon (1948) , Kolmogorov (1965 ), Hjorth (1970 , Lempel and Ziv (1976) , Pincus (1991), López-Ruiz et al. (1995) , Richman and Moorman (2000) or Lamberti et al. (2004) .
One notable field is chaos theory which became very popular soon after the initial work by Grassberger and Procaccia (1983) . Reports of low dimensional chaos in neurons (Rapp et al. 1985) and in EEG (Babloyantz et al., 1985; Babloyantz and Destexhe, 1986 ) triggered a dramatic increase in research to understand brain dynamics and assess the dimensional complexity, or correlation dimension D 2 of brain activity. Although early results were later shown to be biased (Theiler, 1995 (Theiler, , 1996 , more recent studies have refocused on assessing nonlinear dynamics rather than strict deterministic chaos (Stam, 2005; Hornero et al., 2009 ) and have focused
